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TONGUE OPERATED MAGNETIC SENSOR 
BASED WIRELESS ASSISTIVE 

TECHNOLOGY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Patent Application Ser. No. 60/731,731, ?led Oct. 31, 2005; 
the disclosure of Which is incorporated herein by reference in 
its entirety. 

TECHNICAL FIELD 

The presently disclosed subject matter relates to an appa 
ratus for remote control of an appliance by a subject and 
methods of using the apparatus. In particular, the presently 
disclosed subject matter relates to an apparatus for remote 
control of an appliance by Way of a tracer unit a?ixed to the 
tongue of a subject and at least one sensor for detecting a 
position of the sensor, Wherein movement of the tongue by the 
subject effects control of an appliance. 

BACKGROUND 

Assistive technologies are important for people With severe 
disabilities to lead a self-supportive, independent life. Per 
sons severely disabled as a result of causes ranging from 
traumatic brain and spinal cord injuries to stroke generally 
?nd it extremely di?icult to carry out everyday tasks Without 
continuous assistance. Assistive technologies that help them 
communicate their intentions and effectively control their 
environment, especially to operate a computer, can greatly 
improve the quality of life for this group of people and may 
even help them to be employed. 

Several assistive technology devices are presently avail 
able that are controlled by sWitches. For example, the sWitch 
integrated hand splint, bloW-n-suck (sip-n-puff) device, chin 
control system, and electromyography (EMG) sWitch are all 
sWitch-based systems and can provide the user With some 
limited degrees of freedom. A group of head-mounted assis 
tive devices has been developed that emulate a computer 
mouse With head movements. Cursor movements in these 
devices are controlled by tracking an infrared beam emitted or 
re?ected from a transmitter or re?ector attached to the user’ s 

glasses, cap, or headband (Chen et al. 1999; Takami et al., 
1996). Tilt sensors and video-based computer interfaces that 
can track a facial feature have also been implemented (Chen, 
2001; Betke et al., 2002). A limitation of these devices is that 
only those people Whose head movement is not inhibited can 
avail ofthe technology. Another limitation is that the subject’ s 
head should alWays be in positions Within the range of the 
device sensors. For example the controller may not be acces 
sible When the subject is lying in bed or not sitting in front of 
a computer. 

Another category of computer access systems used in 
assistive technologies operate by tracking eye movements 
from corneal re?ections (Hutchinson et al., 1989) and pupil 
position. Electro-oculographic (EOG) potential measure 
ments @(ie et al., 1995; Gips et al., 1993) have also been used 
for detecting eye movements. A limitation of these devices is 
that they affect the subject’s eyesight by requiring extra eye 
movements that can interfere With the subject’ s normal visual 
activities such as reading, Writing, and Watching. 
Some available assistive devices can provide proportional 

control. Most of these devices, hoWever, require some degree 
of physical ability such as foot movement, hand or ?nger 
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2 
movements, or head movement. The needs of persons With 
severe motor disabilities such as those With amyotrophic lat 
eral sclerosis (ALS) or middle to advanced locked-in syn 
drome, Who cannot bene?t from mechanical movements of 
any extremities can potentially be addressed by utiliZing elec 
tric signals originated from brain Waves or muscle tWitches. 
Such brain computer interfaces (BMI), either invasive, or 
noninvasive have been the subjects of extensive research 
activities (Lal et al., 2005). For example, BRAINFIN 
GERSTM (Brain Actuated Technologies, Inc., Dayton, Ohio, 
USA.) is a non-invasive solution consisting of a headband 
With three electrodes that sense and respond to surface elec 
trical signals generated from forehead muscles, eye move 
ments, and brainWave activities. THINK-A-MOVETM 
(Think-A-Move, Ltd., BeachWood, Ohio, USA.) is another 
interface platform, Which utiliZes the capabilities of the ear as 
an output device. BRAINGATETM (Cyberkinetics Neuro 
technology Systems, Inc., Foxborough, Mass., USA), on 
the other hand, is an example of an invasive technology using 
intracortical electrodes to record brain signals from the motor 
cortex area. All of these technologies rely on signal process 
ing and complex computational algorithms, Which can results 
in delays or signi?cant costs. These technologies can also be 
susceptible to external noise and interferences. In addition, 
the subjects may not Want to go through a brain surgery for the 
sake of regaining partial control over their environment. 
Very feW assistive technologies presently available have 

made a successful transition outside research laboratories and 
are Widely utiliZed by severely disabled individuals. Finan 
cial, technical, and psychophysical factors affect the accep 
tance rate of an assistive technology. Among factors bene? 
cial for adopting an assistive technology are the ease of usage 
and convenience in control. Operating the assistive device 
should desirably be easy to learn and require minimum effort 
on the subject’s part. The device is desirably small, unobtru 
sive, loW cost, and non- or minimally invasive. Finally, a 
factor that is often overlooked, but important to a disabled 
subject, is that the device is desirably cosmetically accept 
able. Therefore, there is presently an unmet need for assistive 
technologies for the disabled that provide some or even all of 
such features. 

SUMMARY 

This Summary lists several embodiments of the presently 
disclosed subject matter, and in many cases lists variations 
and permutations of these embodiments. This Summary is 
merely exemplary of the numerous and varied embodiments. 
Mention of one or more representative features of a given 
embodiment is likeWise exemplary. Such an embodiment can 
typically exist With or Without the feature(s) mentioned; like 
Wise, those features can be applied to other embodiments of 
the presently disclosed subject matter, Whether listed in this 
Summary or not. To avoid excessive repetition, this Summary 
does not list or suggest all possible combinations of such 
features. 

In some embodiments of the presently disclosed subject 
matter, an assistive apparatus for remote control of an appli 
ance by a subject is provided. In some embodiments, the 
apparatus comprises a tracer unit adapted for non-obstructive 
a?ixation to the tongue of the subject such that a change in 
position of the tongue changes position of the tracer; at least 
one sensor for detecting a position of the tracer unit and 
adapted for non-obstructive placement proximal the tracer 
unit; and a sensor control unit for transmitting a sensor signal 
to an appliance based on the detected position of the tracer 
unit. 



US 8,044,766 B2 
3 

In some embodiments, the tracer unit comprises a magnet, 
Which in some embodiments can be a permanent magnet 
exhibiting straight-line normal demagnetization curve prop 
erties. In some embodiments, magnet comprises a ?exible 
magnet, a rare earth magnet (e.g., a neodymium-iron-boron 
magnet or a samarium-cobalt magnet) or a ceramic magnet. 
In some embodiments, the apparatus comprises a post 
adapted for piercing the tongue to Which the tracer unit is 
attached. In other embodiments, the tracer unit is adapted for 
a?ixation to the tongue by embedding the tracer unit Within 
the tongue. In other embodiments, the tracer unit is adapted 
for a?ixation to the tongue by a tissue adhesive. In some 
embodiments, the tracer unit is encased Within a biocompat 
ible material (e.g., gold, platinum, a ceramic, a polymeric 
material, or combinations thereof). 

In some embodiments, the at least one sensor is adapted for 
incorporation into a dental ?xture ?tted into the mouth of the 
subject. In other embodiments, the at least one sensor is 
adapted for positioning outside the mouth of the subject. In 
some embodiments, the at least one sensor is a plurality of 
sensors and the apparatus comprises poWer management cir 
cuitry for controlling poWer distribution to the plurality of 
sensors. In some embodiments, the at least one sensor is a 

Hall-effect magnetic sensor, a magnetoinductive sensor, or a 
magnetoresistive sensor. 

In some embodiments, the sensor control unit processes the 
sensor signal from an analog signal to a digital signal. In some 
embodiments, the sensor control unit comprises a Wireless 
transmitter for transmitting the sensor signal by Wireless 
communication. 

In some embodiments, the appliance is selected from the 
group consisting of a personal computer, a Wheelchair, a bed, 
a telephone, a home appliance, and a speech synthesiZer. In 
some embodiments, the appliance is a personal computer and 
the apparatus effects control of software on the personal 
computer that tracks movement, position, or both of the 
tongue. 

In some embodiments, the apparatus comprises an appli 
ance control unit for receiving the sensor signal from the 
sensor control unit, translating the sensor signal to a control 
signal, and transmitting the control signal to the appliance to 
thereby effect control of the appliance. In some embodi 
ments, the appliance control unit receives the sensor signal by 
Way of a receiver, Which can be a Wireless receiver. In some 
embodiments, the appliance comprises the appliance control 
unit and in other embodiments, the appliance control unit is 
separate from the appliance. In some embodiments, the appli 
ance control unit is a smart device (e.g., a personal digital 
assistant, a mobile phone or a personal computer). 

In some embodiments of the presently disclosed subject 
matter, a method for remote control of an appliance by a 
subject is provided. In some embodiments, the method com 
prises providing in the mouth of a subject a tracer unit non 
obstructively a?ixed to the tongue such that a change in 
position of the tongue changes position of the tracer unit; 
detecting the position of the tracer unit; generating a sensor 
signal based on the detected position of the tracer unit; and 
transmitting the sensor signal to an appliance, Wherein the 
sensor signal effects control of the appliance. In some 
embodiments, an assistive apparatus disclosed herein is uti 
liZed for remote control of the appliance. 

In some embodiments of the presently disclosed subject 
matter, a method for tracking movement, position, or both of 
a tongue in a subject is provided. In some embodiments, the 
method comprises providing in the mouth of a subject a tracer 
unit non-ob structively a?ixed to the tongue such that a change 
in position of the tongue changes position of the tracer; 
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4 
detecting the position of the tracer unit; generating a signal 
based on the detected position of the tracer unit; and analyZ 
ing the signal to thereby track movement, position, or both of 
the tongue. In some embodiments, the method comprises 
transmitting the signal to a computer, Wherein the computer 
analyZes the signal. In some embodiments, the method com 
prises repeating each of the steps of the method a desired 
number of times to track tongue movement, position, or both 
over a time period to generate a tongue movement pattern. 
Further, in some embodiments, the method comprises com 
paring the tongue movement pattern to a standard tongue 
movement pattern as part of a speech analysis program, a 
speech therapy program, or both. In some embodiments of the 
method, an assistive apparatus disclosed herein is utiliZed for 
tracking movement, position, or both of the tongue. 

Accordingly, it is an object of the presently disclosed sub 
ject matter to provide an apparatus for tongue-operated sen 
sor-based remote control of an appliance. This object is 
achieved in Whole or in part by the presently disclosed subject 
matter. 

An object of the presently disclosed subject matter having 
been stated above, other objects and advantages Will become 
apparent to those of ordinary skill in the art after a study of the 
folloWing description of the presently disclosed subject mat 
ter and non-limiting examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a motor homunculus draWing shoWing the pro 
portional amount of brain motor cortex devoted to control of 
mouth, tongue, and other parts of the body. 

FIG. 2 is a schematic drawing of an assistive apparatus 
disclosed herein shoWing interaction of the various compo 
nents With each other and an appliance to be controlled. 

FIGS. 3A and 3B are front vieWs and side perspective 
vieWs of a model of a mouth shoWing exemplary placement of 
a tracer unit, sensors and sensor control unit Within the mouth. 

FIG. 4 is a perspective vieW of an exemplary sensor useful 
in the present assistive apparatus, With dimensions and cir 
cuitry noted in the insert. 

FIGS. 5A and 5B are graphs in a series and including 
schematic draWings shoWing hoW lateral and distal move 
ments of a magnet tracer unit With respect to the surface of a 
Hall-effect sensor change the magnetic ?ux density and result 
in variations in the sensor output voltage. 

FIG. 6 is a schematic draWing of an assistive apparatus 
disclosed herein shoWing interaction of the various compo 
nents With each other and an appliance to be controlled. 

FIG. 7 is a draWing of a graphical user interface (GUI) 
developed for testing an assistive apparatus disclosed herein. 
Sensor array outputs are shoWn on the left column. A square 
shaped target appears on a random location of the screen and 
the subject utiliZes their tongue to drive the circular cursor 
and hit the target. 

FIGS. 8A-8C are graphs shoWing magnetic ?eld intensity 
(Bx) vs. distance (x) plots for Melexis 21 mV/G (FIG. 8A), 
Melexis 9 mV/G (FIG. 8B), and Allegro 1.31 mV/G (FIG. 
8C) Hall-effect sensors. 

FIGS. 9A and 9B are graphs shoWing experimentally mea 
sured isopotential curves for magnet centerline perpendicular 
to the plane of a Hall-effect sensor, i.e. sensor and magnet 
Were in parallel planes (FIG. 9A) and FEMLAB isopotential 
curves for magnet centerline perpendicular to plane of a Hall 
effect sensor (FIG. 9B). 

FIGS. 10A and 10B are graphs shoWing experimentally 
measured isopotential curves for magnet centerline horiZon 
tal and parallel to plane of a Hall-effect sensor, i.e. sensor and 
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magnet Were in perpendicular planes (FIG. 10A) and FEM 
LAB isopotential curves for magnet centerline horizontal and 
parallel to plane of a Hall-effect sensor (FIG. 10B). 

FIG. 11 is a graph showing experimentally measured iso 
potential curves for magnet centerline along different orien 
tations q) With respect to plane of a Hall-effect sensor (relative 
to sensor). 

FIG. 12 is an illustration of the B-H curve. 

DETAILED DESCRIPTION 

The presently disclosed subject matter provides an oral, 
tongue controlled assistive apparatus for control of the envi 
ronment by a subject. Methods for using the apparatus for 
control of the environment and for tracking tongue move 
ment, position, and/or orientation are further provided. The 
tongue is considered an excellent appendage for operating an 
assistive technology apparatus, particularly With regard to 
severely disable individuals, such as for example quadriple 
gics, Who have very little or no limb control. Additionally, the 
assistive apparatus can be useful for subjects involved in 
complex manipulations of the environment requiring full 
engagement of the limbs, such as for example pilots, soldiers, 
astronauts, and scuba divers, Who can bene?t from assistive 
technology to provide additional control of the environment. 
The assistive apparatus can also help the creW of agile combat 
aircrafts to control the plane or communicate With the com 
mand center under high gravity (high-G) physical stress, 
When effective limb functions or even speech is hindered. 
Further, the assistive apparatus can be of assistance to sub 
jects Who have a need to track and measure tongue move 
ments and positioning, such as for example in subjects engag 
ing in speech therapy, Wherein there is a need to knoW tongue 
positioning during speech to aid in diagnosis and treatment of 
speech pathologies. In addition the assistive apparatus can 
help people Who are unable to talk, as a result of tracheotomy, 
apraxia of speech, or ALS. The ability to make a feW speci?c 
movements With their tongue can be interpreted by the appa 
ratus softWare as speci?c Words. These selected Words can 
then be generated by a speech synthesiZer. Currently these 
individuals, Who might also be severely disabled, need to type 
What they Want to say. 

The apparatus can comprise a tracer unit that can be non 
obstructively a?ixed to the tongue of the subject and at least 
one sensor, and in some embodiments an array of sensors, that 
can be positioned proximal to the tongue and tracer unit. 
“Non-obstructive” af?xation of the tracer unit, as Well as 
other components of the apparatus including but not limited 
to the at least one sensor, refers to placement of the compo 
nent Within or proximal to the mouth such that it does not 
substantially interfere With normal activities of the mouth, 
including but not limited to eating and speaking. “Non-ob 
structive” af?xation or placement can also (but not necessar 
ily) refer to af?xation or placement of a component in a 
cosmetically acceptable (e.g., concealed) manner. 

The sensor(s) measures the location, orientation, and/or 
changes in location of the tracer unit, Which moves according 
to positioning of the tongue. “Proximal”, With reference to the 
positioning of the sensor, refers to a distance suf?ciently close 
to the tracer unit to detect a position (e.g., location, orienta 
tion, and/or change in position and/or orientation) of the 
tracer unit, such as for example outside of the mouth a?ixed 
on or near the face or Within the mouth attached, for example 
on the outside of the teeth so as to be non-obstructive. Thus, 
proximal positioning of the sensor(s) depends on the sensi 
tivity of the sensors as Well as the detectability of the tracer 
unit and is Within the capabilities of one of skill in the art to 
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6 
determine Without undue experimentation. The sensor pro 
cesses the tracer unit positioning into sensor signals, Which 
can be digitiZed and transmitted to an external appliance 
control unit, such as for example a “smart device” (e.g., a 
personal digital assistant (PDA)), Which then effects control 
of a desired appliance. In some embodiments, the smart 
device is a Wireless smart device for Wireless communication 
With the sensors and/ or appliances controlled. 

Thus, the sensor data related to tracer unit positioning is 
processed and combined to determine the position and 
motion of the tongue relative to the sensors. This information 
is then used to effect control of an appliance. Therefore, 
movement of the tongue While utiliZing the assistive device 
can be used to operate, for example, a Wheelchair, a computer, 
a phone, home appliances or other equipment. In one embodi 
ment of the presently disclosed subject matter, the apparatus 
comprises a Wireless integrated mouthpiece, poWered by a 
small battery, transmitting tongue location data based on 
positioning of a tracer unit a?ixed to the tongue to a compact 
portable appliance control unit, such as a Wireless smart 
device (e. g., a pocket computer, a personal digital assistant, or 
a mobile phone). The appliance control unit can then connect 
the subject to appliances and/or local and global environ 
ments through, for example a Wireless local area netWork 
(WLAN) and the Internet, respectively. 
One advantage of the presently disclosed apparatus is that 

one or a feW sensors can capture a large variety of tongue 
movements by processing individual or a combination of 
sensor outputs. A set of speci?c movements can be tailored 
for each individual user and mapped onto a set of customiZed 
functions for environment control. Further, the presently dis 
closed apparatus can provide the advantage of proportional 
control of the environment, Which alloWs for a smoother and 
more natural control over the environment compared to other 
devices that are mostly based on on/ off sWitches or a limited 
number of states. FeWer sensors translate to an unobtrusive 

device With loWer poWer requirements. Moreover, the sensors 
can be activated by a passive tracer component in the form of 
a permanent magnet leading to additional poWer savings. 
Another advantage over alternative technologies is that the 
system is largely immune to noise, interference, and involun 
tary body movements that might affect normal operation. 
I. General Considerations 
As shoWn in FIG. 1, a motor homunculus illustrates that the 

tongue and the mouth occupy an amount of sensory and motor 
cortex that rivals that of the ?ngers and the hand. Unlike the 
eyes, Which have rich cortical representations but have been 
evolved as sensory organs, the mouth and the tongue have 
evolved as motor and manipulation organs. Thus, they are 
inherently capable of performing sophisticated motor control 
and manipulation tasks, Which are evident in their usefulness 
in vocaliZation and ingestion (Kandel et al., 2000; Salem & 
Zhai, 1997). 
The tongue is connected to the brain by a cranial nerve (the 

hypoglossal nerve), Which generally escapes severe damage 
in spinal cord injuries. It is also one of the last appendages to 
be affected in most neuromuscular degenerative disorders. 
These observations along With the fact that the tongue can 
move very fast and accurately Within the mouth cavity With 
many degrees of freedom, point to great potentials of using 
the tongue as an organ for manipulating assistive devices. 
Furthermore, the tongue muscle is similar to the heart muscle 
in that it does not fatigue easily. The tongue muscle is not 
afflicted by repetitive motion disorders that can arise When a 
feW exoskeletal muscles and tendons are regularly used. 
Therefore, unlike head pointing and related technologies 
requiring motion of other body parts, a tongue operated 
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device can have a very loW rate of perceived exertion and can 
be used over a long period of time (Lau & O’Leary, 1993; 
Cook & Hussey, 2001). 

Unlike EOG or EMG based systems that require attach 
ment of surface electrodes to the user’s face, an oral device 
involving the tongue is mostly hidden from sight. Thus, it is 
cosmetically inconspicuous and offers a degree of privacy for 
the user. The tongue is not in?uenced by the posture and 
position of the rest of the body. Therefore, unlike many other 
assistive devices, Which lock the patient in front of a computer 
monitor or in a Wheelchair to be able to use the device, an oral 
device involving the tongue can be used in any position or 
posture, especially for example if it is Wireless. The tongue 
can function during random or involuntary neurological 
activities such as muscular spasms. Therefore, tongue-oper 
ated assistive devices are less prone to involuntary move 
ments, Which can affect other devices, especially those based 
on EMG, EEG, or EOG signals. Tongue movements are very 
natural and do not require as much thinking or concentration. 
Therefore, tongue-operated assistive devices potentially can 
be easy to learn and use. When a disabled individual uses a 
computer, Which is one application of assistive and environ 
ment control technologies, the individual directly uses hi s/ her 
eyes and brain at all times. HoWever, it is less likely for the 
individual to require use of their tongue, for example by 
talking or eating at the same time. Therefore, using the tongue 
in an assistive device can require minimum effort and cause 
minimum interference With other activities that an individual 
is involved in When using an oral assistive device. Further 
more, unlike neural signals from the motor cortex, noninva 
sive access to tongue movements is readily available. 
A feW tongue-operated assistive technologies have been 

developed to date. HoWever, despite all the advantages noted 
above, these devices have not been Widely used by disabled 
individuals for several reasons. For example, TONGUE 
TOUCH KEYPADTM (TTK; NeWAbilities Systems Inc., 
Santa Clara, Calif., U.S.A.) includes a keypad ?tted in the 
roof of the mouth With nine sensors that are activated by the 
touch of the user’s tongue. The sensors emit radio Waves to a 
control box mounted on the person’ s Wheelchair, bed, or other 
furniture, Which operates a computer or other equipment in 
the environment. The TTK system is limited as being sWitch 
based (rather than continuous proportional control), bulky, 
and obtrusive. It cannot offer proportional control or large 
degrees of freedom. TONGUE POINTTM (lnternational Busi 
ness Machines, Armonk, N.Y. U.S.A.) is based on the IBM 
TRACKPOINT® pointing device, Which is a pressure sensi 
tive small isometric joystick for use inside the mouth 
(Salem & Zhai, 1997). Although this device provides propor 
tional control, it is restricted to a joystick operation and any 
selection or button click operation is performed through an 
additional external sWitch or a bite sWitch. The tip of the 
joystick also protrudes about 1 cm into the mouth, Which 
could interfere With user’s talking and eating functions. This 
device can also prove to be uncomfortable for long-term use. 
The TONGUE-MOUSETM has a sensor module incorporat 
ing pieZoelectric ceramic sensors and conductive adhesives to 
connect the sensors to the electronics (Nutt et al., 1998). The 
sensors form a matrix, the elements of Which can detect 
strength and position of touch by the tongue. The sensor 
module is ?tted Within the oral cavity as a conventional dental 
plate and the user should hold the plate betWeen his/her front 
teeth. HoWever, the sensor module plate is rather large and 
prevents the user from eating or talking While using this 
device. 

The presently disclosed assistive apparatus also involves 
the tongue as the controlling appendage. HoWever, the pres 
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8 
ently disclosed apparatus addresses de?ciencies of other oral 
assistive devices in that it can have one or more of the folloW 

ing characteristics: small, unobtrusive, loW cost, non- or mini 
mally invasive, and/ or cosmetically acceptable for the subject 
using the device. In particular, the present apparatus provides 
for tracing the motion of the tongue by sensors positioned 
proximal to the tongue using a tracer unit a?ixed to the 
tongue. The detected tongue motion can then be converted to 
control signals for controlling appliances Within the subject’ s 
environment. 
11. De?nitions 

“Appliance”, as used herein, refers to an instrument or 
device designed for a particular or general use or function. An 
appliance can be, but is not limited to a personal computer, a 
Wheelchair, a bed, a telephone, a home appliance, and a 
speech synthesiZer. 

“Magnetic ?eld strength” (H, Units: Oersted) (also knoWn 
as magnetiZing or demagnetiZing force), refers to the measure 
of the vector magnetic quantity that determines the ability of 
an electric current, or a magnetic body, to induce a magnetic 
?eld at a given point. 

“Magnetic induction” (B, Units: Gauss) refers to the mag 
netic ?eld induced by a ?eld strength, H, at a given point. It is 
the vector sum (at each point Within the substance) of the 
magnetic ?eld strength and resultant intrinsic induction. 
Magnetic induction is the ?ux per unit area normal to the 
direction of the magnetic path. 

“Hysteresis loop” refers to a closed curve obtained for a 
material by plotting (usually in rectangular coordinates) cor 
responding values of magnetic induction, B, for ordinate and 
magnetizing force, H, for abscissa When the material is pass 
ing through a complete cycle betWeen de?nite limits of either 
magnetiZing force, H, or magnetic induction, B. 
A “demagnetization curve” is the second (or fourth) quad 

rant of a major hysteresis loop. Points on this curve are des 
ignated by the coordinates B d (remnant induction) and H d 
(remnant ?eld). 
“Remnant induction” (B d, Units: Gauss) refers to any mag 

netic induction 10 that remains in a magnetic material after 
removal of an applied saturating magnetic ?eld, HS. (B d is the 
magnetic induction at any point on the demagnetiZation 
curve). 
“Remnant ?eld” (H d, Units: Oersteds) refers to the value of 

H corresponding to the remnant induction, B d on the demag 
netiZation curve. 

“Energy product” (B dH d, Units: Megagauss-Oersteds 
(MGOe)) refers to the energy that a magnetic material can 
supply to an external magnetic circuit When operating at any 
point on its demagnetiZation curve. 
As used herein, “remote control”, as in the “remote control 

of an appliance”, refers to control of an object indirectly by 
Way of an intermediary Without direct control by the actor on 
the object. For example, “remote control” can encompass the 
control of an appliance by a subject via an assistive apparatus 
disclosed herein, Wherein tongue movements and positioning 
are translated to command signals by the apparatus and issued 
to the appliance. “Remote control” is inclusive of both Wired 
and Wireless communication betWeen the actor, the interme 
diary, and/ or the object controlled. 
As used herein, the term “smart device” refers to a device 

With processing capabilities. A smart device can have on 
board memory or other storage capacity, can be Written to as 
Well as read from, and can contain one or more applications 
that perform a particular function. Some smart devices can 
contain an operating system. Exemplary smart devices 
include, but are not limited to personal computers, PDAs and 
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mobile telephones. Some smart devices communicate Wire 
lessly and can be referred to herein as Wireless smart devices. 
As used herein, the term “Wireless smart device” refers to 

a smart device Which can communicate via an electric and/or 

magnetic ?eld betWeen the smart device and some other 
entity, such as for example an appliance and/ or a sensor 
control unit. One type of Wireless communications that can be 
used betWeen a Wireless smart device and reader is near ?eld 
communications. Near ?eld communications typically occur 
at a distance of Within about one Wavelength of the commu 
nications frequency being used betWeen the Wireless smart 
device and the receiving and/or communicating unit. A Wire 
less smart device can communicate With a device via induc 
tive coupling of the other device antenna to the smart device 
antenna. The tWo loop antennas effectively form a trans 
former. The reader amplitude-modulates the RF ?eld to send 
information betWeen the devices. The smart device commu 

nicates With other devices, including other smart devices, by 
modulating the loading on the smart device antenna, Which 
also modulates the load on the other device antenna. Longer 
range Wireless communication techniques for use by Wireless 
devices Which include, but are not limited to, BLUE 
TOOTH®, optical, and infrared, can also be used. 
III. Assistive Apparatus 

The presently disclosed subject matter provides an assis 
tive apparatus for remote control of an appliance by a subject. 
In some embodiments, the subject can be a human subject in 
need of an assistive device for manipulating their environ 
ment, such as disabled individuals, including for example 
quadriplegic subjects and those With other spinal cord injuries 
(SPI). In some 25 embodiments, the subject is in need of 
controlling a complex appliance, or is functioning in a di?i 
cult environment and can utiliZe the assistive device to control 
the appliance or function in the environment. For example, 
the subject in some embodiments can be a pilot, astronaut, 
scuba diver, or soldier. 

In some embodiments, the assistive apparatus comprises: 
(a) a tracer unit that can be non-obstructively af?xed to the 
tongue of the subject such that a change in position of the 
tongue changes position of the tracer unit; and (b) at least one 
sensor for detecting a position of the tracer unit and adapted 
for non-obstructive placement proximal the tracer unit. The 
apparatus can further comprise a sensor control unit for trans 
mitting a sensor signal from the sensor(s) to the appliance or 
appliances to be controlled based on the detected position of 
the tracer unit to thereby control the appliance. In some 
embodiments, the sensor control unit processes the sensor 
signals and transmits them directly to the appliance as control 
signals to effect control of the appliance. In other embodi 
ments, the apparatus can comprise an appliance control unit 
that can be physically separated from, but in communication 
With, the sensor control unit. In these embodiments, the appli 
ance control unit receives the sensor signals and processes the 
sensor signals to control signals, Which are then transmitted to 
the appliance to effect control of the appliance. In some 
embodiments, the appliance control unit can be integrated 
into the appliance. In other embodiments, the appliance con 
trol unit is a separate device in communication With the appli 
ance. 

The signals received from the sensor control unit by the 
appliance control unit can be demodulated and demultiplexed 
to extract the individual sensor outputs. By processing these 
outputs, the motion of the tracer unit and consequently the 
tongue Within the oral cavity is determined. Assigning a cer 
tain control function to each particular tongue movement can 
be done in softWare and canbe customiZed for each individual 
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10 
user. These customiZed control functions can then be used to 
control (e. g., operate) the appliance or appliances. 

In some embodiments of the assistive apparatus, the tracer 
unit comprises a magnet and the motion of the tongue is 
traced by an array of magnetic sensors, Which measure the 
magnetic ?eld generated by the magnet. The tracer unit can 
comprise a magnet contained Within a nonmagnetic ?xture 
and af?xed to the tongue. The magnetic sensors can be posi 
tioned proximal the tracer unit, and in some embodiments can 
be mounted on a dental retainer and attached on the outside of 
the teeth to measure the magnetic ?eld from different angles 
and provide continuous real-time analog outputs. In other 
embodiments, the sensors are positioned outside the mouth, 
but in close proximity to the magnetic tracer unit, such as for 
example a?ixed on support structures attached to the head of 
the subject (e.g., similar to headphones) that position the one 
or more sensors at desired locations near the tracer unit (e. g., 
on or near left and/ or right cheeks of the subject). The maxi 
mum distance for proximal placement of the magnetic sen 
sors relative to the tracer unit is dependent upon both the 
strength of the magnet and the sensitivity of the magnetic 
sensors, as is readily determinable by one of skill in the art. 
For example, a larger magnet can generate a larger magnetic 
?eld and Will permit for further distance from the magnet to 
achieve proximal placement of the magnetic sensor. HoW 
ever, at some point the magnet siZe may become too large to 
be non-obstructively af?xed to the tongue as a tracer unit. 
Likewise, a sensor can be chosen based on increased sensi 
tivity if a further proximal placement distance is desired. 
Depending on the sensitivity of the sensor and the magnetic 
?eld strength of the magnet, in some embodiments, proximal 
placement of the sensor With reference to the tracer unit can 
be less than about 20 cm, in some embodiments less than 
about 15 cm, in some embodiments less than about 10 cm, in 
some embodiments less than about 5 cm, and in some 
embodiments less than about 2 cm. 
The signals from the magnetic sensors can be linear func 

tions of the magnetic ?eld, Which can be a continuous posi 
tion-dependent property, and Which can provide for continu 
ous proportional control of an appliance. Thus, a feW 
magnetic sensors are able to capture an unlimited number of 
tongue positions and movements (Schlager et al., 2001). 
These sensors can provide a tremendous advantage over 
sWitch-based (digital) on/ off devices in that the user can com 
municate With the environment much faster, smoother, and 
more naturally using options of proportional, fuZZy, and/or 
adaptive control over the environment. In real life, control of 
the environment occurs via an analog regime. Thus, a feW 
representative sensors utiliZed by the present apparatus are 
able to capture a Wide variety of tongue movements, Which 
provides advantages over sWitch-based devices. For example, 
other assistive technologies that emulate a computer mouse 
use an additional input device such as a sWitch for the mouse 
button clicks besides the primary method for moving the 
pointer. In the presently disclosed subject matter on the other 
hand, the additional sWitches are unnecessary since a speci?c 
tongue movement can be assigned to the button press. 

FIG. 2 is a schematic diagram shoWing one embodiment of 
an assistive apparatus 10 disclosed herein comprising tWo 
components: one inside the mouth, a mouthpiece 12, and the 
other outside the mouth, an appliance control unit 14, Which 
can in some embodiments be portable. Mouthpiece 12 can 
include sensors 16 and a sensor control unit 18. The mouth 
piece 12 electronics can be integrated on an application spe 
ci?c integrated circuit (ASIC). The sensorcontrol unit 18 
comprising the ASIC along With a Wireless transmitter 20 can 
be incorporated into a miniaturized package that can be ?tted 
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under the tongue as part of a dental retainer, as shown in 
FIGS. 3A and 3B. A tracer unit 22, such as for example a 
magnet, can be coated With a non-magnetic biocompatible 
material such as gold, platinum, or a polymer and a?ixed to 
the tongue T. Due to the proximity of tracer unit 22 and 
sensors 16 in the oral cavity, apparatus 10 can be more robust 
With regard to noise, interference, and involuntary move 
ments compared to alternative technologies. Many aspects of 
the apparatus can be customiZed and ?ne tuned through soft 
Ware for a particular individual’ s oral anatomy, requirements, 
and disabilities. Therefore, apparatus 10 can serve as a plat 
form to address a variety of needs of different individuals. 
As noted, apparatus 10 can comprise mouthpiece unit 12, 

Which can be located inside the oral cavity, as shoWn for 
example in FIGS. 3A and 3B, and an external appliance 
control unit 14 that can be located Within the subject’s sur 
rounding environment and Which is in communication, for 
example by Wired or Wireless communication, With mouth 
piece 12. With reference to FIG. 2, mouthpiece 12 and appli 
ance control unit 14 can comprise the folloWing components. 

The components that can be positioned Within the mouth 
include tracer unit 22 and mouthpiece 12. Mouthpiece 12 can 
comprise sensors 16 arranged in a coordinated array Within 
the mouth; Wireless transmitter 20, Which can comprise a 
miniature antenna 24; an analog to digital converter (ADC); 
and poWer management circuitry 28, Which can include a 
battery. 

Tracer unit 22 can in some embodiments comprise a mag 
net, Which can be contained Within a biocompatible non 
ferromagnetic ?xture (e.g., gold, platinum, a polymeric mate 
rial, or combinations thereof) that is non-obstructively a?ixed 
to tongue T, as shoWn in FIGS. 2, 3A, and 3B. “Af?xed to the 
tongue” as used herein means secured to the tongue such that 
tracer unit 22 is not easily dislodged from the tongue and 
tracks tongue movement accurately. That is, tracer unit 22 is 
secured tightly enough to tongue T such that ?ne movements 
of tongue T are not lost to sensors 16 due to Wobble or other 
unnecessary motion of tracer unit 22. For example, tracer unit 
22 can be mounted on a post that is pierced through the tongue 
or tracer unit 22 can be embedded Within the tongue. Instead 
of pierced or implanted tracer units 22, a subject can have 
small tracer units 22 attached to their tongue T by small 
plastic clips or With elastic bands. It is also possible to tem 
porarily attach the tracer to the subject’ s tongue using a Water 
proof biocompatible tissue adhesive such as Dermabond® 
(Johnson & Johnson, NeW Brunswick, N.J., U.S.A.). 
The magnet can in some embodiments be a permanent 

magnet exhibiting straight-line normal demagnetiZation 
curve properties. The magnet generates a magnetic ?eld 
inside the mouth and outside proximal to the face that changes 
With tongue movements, and provides real time information 
about the tongue position and orientation (i.e. direction) With 
respect to the jaW coordinates (sensor 16 locations). A per 
manent magnet that generates the magnetic ?eld can be a 
small, passive, and inherently Wireless component leading to 
user convenience and requiring no poWer source. That is, 
sensors 16 can be magnetic sensors and can be activated by a 
permanent magnet. The system poWer requirement is thus 
limited to the sensors and the Wireless link over a short range 
(e.g., 2 meters), Which can be designed to be loW poWer by 
time-division-multiplexing (TDM), i.e. turning only one sen 
sor on at any particular time, and other circuit design tech 
niques, as disclosed herein. Therefore, the battery siZe can be 
small and its lifetime suf?ciently long to reduce burden on the 
subject. 

In some embodiments, the magnet can be a ?exible mag 
net, a rare earth magnet or a ceramic magnet. Exemplary rare 
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12 
earth magnets useful for incorporation Within tracer unit 22 
include but are not limited to neodymium-iron-boron (Nd 
FeB) magnets and samarium-cobalt magnets (SmCo). Table 1 
lists properties of several exemplary magnets suitable for use 
With the presently disclosed subject matter. 

TABLE 1 

Characteristics of Materials Used in Permanent Magnets 

Br Hc BHmax 
Material (Gauss) (Oersteds) (MGOe) 

Flexible 1,725 1,3 25 0.6 
Ceramic 1 2,200 1,900 1.1 
Ceramic 5 3,950 2,400 3.6 
SrnCo 18 8,600 7,200 18 
SrnCo 26 10,500 9,200 26 
NdFeB 35 12,300 11,300 35 
NdFeB 41 13,050 12,500 41 

Continuing With reference to FIG. 2, sensor 16 can in some 
embodiments comprise an array of sensors. In some embodi 
ments, sensors 16 are magnetic sensors, such as for example 
Hall-effect sensors, magnetoinductive sensors (e.g., MICRO 
MAG2TM from PNI Corporation, Santa Rosa, Calif., U.S.A.) 
and/or magnetoresistive sensors (e.g., serial numbers 
HMC1501, HMC1512, and HMC6052 available from Hon 
eyWell International, Inc., Plymouth, Minn., U.S.A.) When 
tracer unit 22 comprises a magnet. Magnetic sensors, Which 
are available in siZes as small as 3><2><0.75 mm3 (see FIG. 4 
illustrating Allegro A1391 (Allegro Microsystems, Inc., 
Worcester, Mass., U.S.A.) micropoWer 3 V linear Hall-effect 
sensor With tri-state output and user selectability), can be 
incorporated in a dental ?xture and mounted on posts 
attached to the outside of the upper or loWer teeth in the form 
of an orthodontic brace. Alternatively, soft form-?tting plastic 
dental ?xtures can be used to conform to each subject’s oral 
anatomy, While holding the sensors. Sensors 16 can be sta 
tionary With respect to the jaW coordinates and gather infor 
mation about movements and orientation of the permanent 
magnet that is attached to the tongue as tracer unit 22. Sensors 
16 convert the magnetic ?eld intensity (B) from the magnet to 
a proportional analog output voltage. For example, linear 
Hall-effect sensors convert the magnetic ?ux density that is 
vertical to their surface to a proportional voltage, Which can 
be measured as a continuous real-time analog signal output. 
Therefore, they respond to lateral, distal, and rotational 
movements of a magnetic tracer unit 22, as depicted in FIGS. 
5A and 5B. 
PoWer management circuitry 28 can be linked With a bat 

tery and provide for control of poWer distribution to sensors 
16. A small battery such as a button cell can provide suf?cient 
poWer to mouthpiece 12 components for a long duration, for 
example up to several Weeks. PoWer management circuitry 28 
scans through sensors 16 at a prede?ned rate and turns them 
on one at a time to save poWer. Thus only one sensor 16 draWs 

poWer at any certain time in order to reduce poWer consump 
tion. 

Sensor control unit 18 can process sensor signals from an 
analog signal to a digital signal. For example, sensor control 
unit 18 can include an analog to digital converter (ADC) 26, 
Which can be equipped With a multiplexer that has as many 
input channels as the number of magnetic sensors 16 in the 
array, and can take one or multiple samples from the analog 
output of sensor 16, Which is turned on by poWer management 
circuitry 28. This results in a time division multiplexed 
(TDM) series of samples, Which are then converted to a serial 
data bit stream by ADC 26 before being transmitted across, 






















